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[There are no amendments to this patent . ] 
Claims 

A culture method characterized in that animal cells are 
cultured by perfusion culture at viable cell densities of over 3 
x 10 6 cells/mL, while maintaining the glucose concentration in 
the culture system above 0.01 mmol/L and less than 3 mmol/L. 

Detailed explanation of the invention 

Industrial use of the invention 

This invention concerns a method for culturing animal cells. 
More specifically, it concerns a method for high density culture 
of animal cells which produce useful substances. 

Prior art 

Mass cell cultivation on a large scale is essential for 
producing viruses, vaccines, antiviral agents such as interferon, 
or biological drugs such as hormones. In particular, the recent 
production of monoclonal antibodies with specific protein targets 
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depends on mass cultivation of hybridomas from antibody -producing 
cells and myelomas. Solving of this technology is an important 
industrial topic. 

Purpose of the invention 

Therefore, upon conducting diligent research on culture 
methods with good efficiency in high density cultivation methods 
for animal cells, the inventors arrived at this invention. 

Organization of the invention 

That is, this invention is a culture method characterized in 
that animal cells are cultured by perfusion culture at viable 
cell densities of greater than 3 x 10 6 cells/mL, while 
maintaining the glucose concentration in the culture system above 
0.01 mmol/L and less than 3' mmol/L. 

This invention is explained in further detail below. 

In the culture method of this invention, there are no 
particular limitations on the animals cells to be cultured. They 
can be not only natural animal cells but also cells modified by 
artificial or genetic manipulations such as hybridomas. 

And, cells can be cells derived from lymphocytes which 
produce lymphokines like IL-2 or diploid cells which produce 
useful physiologically active substances like interferon (I FN) . 
Furthermore, they can be cells which produce various monoclonal 
antibodies. This invention is particularly suited .for cultivation 
of hybridomas for producing said monoclonal antibodies and 
obtaining monoclonal antibodies in high concentrations. 


There are no particular restrictions on the form of the 
cells. [They] can be either suspended cells or cultivated cells 
but in the method of this invention, suspended cells are 
preferable. 

The cell cultures in this invention can be suspension or 
monolayer cultures . 

Cells are cultured in this invention by perfusion culture. 
Here, perfusion culture is generally a cultivation mode in which 
cultivation is conducted while supplying new cultivation solution 
to the culture tank and discharging old cultivation solution 
containing growth- inhibiting substances from the culture tank. 

When "using this cultivation method, one of the important 
points is to separate the viable cells in the cultivation 
solution from the above old cultivation solution efficiently, 
removing the old cultivation solution from the culture tank and 
maintaining the optimal growth environment for the cells in the 
culture tank. 

For the culture method of this invention, there is tank 
cultivation, cultivation in which cells are used as packed cells 
attached to carriers and follow [sic; hollow] fiber cultivation. 
For tank cultivation, there are filtering methods, gravity 
sedimentation methods, centrifugation sedimentation methods. Each 
can use microcarriers . And, in the case of cultivation with cells 
used as packed cells attached to carriers, microcapsules, ceramic 
carriers and gels are substances used for said carriers. 

In the method of this invention, perfusion culture by tank 
cultivation is preferable. 

The cultivation solution used in the culture method of this 
invention is an aqueous medium consisting essentially of water. 


Said aqueous medium contains various additives that are normally 
used in cultivating animal cells, for example, various inorganic 
salts, vitamins, coenzymes, glucose, amino acids, antibiotics, 
growth promoting factors, etc. Generally glucose is used as the 
sugar component contained in the cultivation solution and said 
glucose concentration is 20 mmol/L. However, with the method of 
this invention, when perfusion culturing animal cells at viable 
cell densities of over 3 x 10 6 cell/mL, preferably over 5 x 10 6 
cells/mL, the glucose concentration can be greater than 0.01 
mmol/L and less than 3 mmol/L, preferably, greater than 0.2 
mmol/L and less than 2 mmol/L. If the glucose concentration 
exceeds 3 mmol/L, the animal cells consume more glucose than 
necessary, the amount of lactate produced increases and 
purification of the desired substance obtained becomes difficult 
Also, if the glucose concentration is less than 0.01 mmol/L, the 
proliferation of the animal cells is suppressed. If the glucose 
concentration is greater than 0.01 mmol/L and less than 3 mmol/L 
before the viable cell density of the animal cells has reached 
3 x 10 s cells/mL, animal cell proliferation is suppressed and 
they start to die. 

It is also possible to add serum to the cultivation 
solution. But so-called serum-free media which do not use serum 
can also be used for cultivation solutions. Using serum- free 
media is economically advantageous and desirable. 

This invention is described in detail below citing 
application examples. • 
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Application Example 1 

1. Culture device 

The gravity sedimentation perfusion culture tank (see the 
Official Gazette for Japanese Kokai Patent Application No. 
Sho 62 [1987] -265) having the configuration -shown in appended 
Figure 1 with an internal volume of about 200 mL and an effective 
cultivation volume (the portion of the volume in which the cells 
exist) of 120 mli was used. 

2. Cells 

Mouse -human hybridoma C23 colonies obtained by fusing mouse 
myeloma P3/X63-Ag8-Ul colonies with human B cells were used. 
These colonies produce human ant i cytomegalovirus IgGl. 

3 . Cultivation and glucose solutions 

One in which glucose was. removed from serum- free medium 
ITES+eRDF, which was filtered, sterilized and used. The 
respective amounts of insulin, human transferrin, ethanolamine, 
and sodium selenite were 9 mg/L, 10 mg/L, 0.62 mg/L and 0.43 x 
10" 3 mg/L. In the medium, 5 mM HEPES, 1 g/L sodium hydroxide, 10 5 
IU/L penicillin and 0.1 g/L streptomycin were added. 

For the glucose solution, one in which 10% glucose was 
dissolved in eRDF medium, which was filtered, sterilized and 
used. 

4 . Culture method and results 

150 mL of the filtered, sterilized medium and 5 mL of the 
glucose solution were placed in the culture tank placed in a 


constant temperature water tank at 37°C and C23 strains were 
inoculated with 5 x 10 s colonies. The culture tank was made so 
that air containing 5% carbon dioxide could be introduced into 
the air space and, vice versa, pure oxygen gas could be 
introduced into the cultivation solution. The flow was regulated 
so that the amount of dissolved oxygen would be constant in the 
range of 3-4 ppm. The stirring rate was 20 rpm. 

From the 2nd day after starting cultivation, medium was 
introduced at 240 mL/day from nozzle (3) and perfusion culture 
was started. 8.6 mL/day of the glucose solution were introduced 
from nozzle (4) from the 2nd to the 4th days. From the 5th day, 
once every 8 h, sampling was performed from nozzle (10) of Figure 
1 to measure the glucose concentration. The pump flow was 
adjusted so that this concentration would be 2-3 mmol/L and 
cultivation was continued. The results of cultivation for 18 days 
in this manner were as in Table I. 
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Key: 1 


2 
3 
4 
5 
6 
7 
8 


Number of days cultured 
Cell density 

Glucose concentration in cultivation solution 
Glucose consumption rate 

Lactic acid concentration in cultivation solution 

Lactic acid production rate 

Lactic acid production/glucose consumption 

IgG concentration 


Application Example 2 

1. Culture device 

The cultivation system shown in appended Figure 2 was used. 
The culture tank (AP-1) was the same as Application Example 1. 
AP-2 of Figure 2 is a plate and frame ultrafiltration device. For 
the ultrafiltration membranes, ultrafiltration membranes made by 
Sillipore [sic; Millipore] for Pericon [transliteration] Lab 
Cassettes were used. The fractionation molecular weight of the 
membrane was 10,000. 

2. Cells: The same ones as in Application Example 1 were 

used. 

3. Cultivation and glucose solutions 

For the medium/ the amounts of insulin and transferrin added 
were 1.8 mg/L and 2 mg/L, respectively. As for the composition 
aside from this, the same one as in Application Example 1 was 
used. For the glucose solution, the same one as in Application 
Example 1 was used. 
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4 . Cultivation method and results 

In the above culture tank, sterilized beforehand in an 
autoclave, cultivation solution was poured in so that the net 
culture volume would be about 200 mL. 6.7 mL of glucose solution 
were also added and cells were inoculated. Cultivation tank 
temperature, dissolved oxygen control and stirring rate were the 
same as Application Example 1. 

For 2 days after inoculation, batch-cultivation was 
performed. From the 3rd day, perfusion culture was started. As 
shown in Table 2, from the 4th day after starting the culture, 
cell densities reached 1.1 x 10 [illegible] cells/mL. The ratio 
of medium and glucose solutions introduced was 24:1. The measure 
for perfusion was expressed as the exchange rate/day of the net 
cultivation volume and the experimental results are recorded 
together. That is, pumps P-I, P-II and P-III ran, valve X opened, 
valve Y closed, cultivation solution separated from the cells in 
the culture tank was withdrawn from line D and the same amount of 
new medium was introduced continuously through line A. An 
ultrafiltration membrane which passes the fraction with MW s 
10,000 was placed in ultrafiltration device AP-2. From line F, 
fluid that had passed through the membrane and from Line E, fluid 
that had not passed through the membrane were removed from the 
system. With the passing of time, the cell density increased and 
on day 7, reached 2 . 9 x 10 [illegible] cells/mL. At this time, 
valve X in Figure 2 was closed and valve Y was opened and the 
fluid that did not pass through the ultrafiltration membrane was 
[re] circulated to the culture tank through line G. ; Also, from 
this time, once every 8 h, sampling of the culture tank was 
performed to measure the glucose concentration. The amount 
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introduced was adjusted with the goal of making its concentration 
less than 1.5 mmol/L and cultivation was continued. 

The results of cultivation in this manner for 40 days were 
as in Table II. 


Table II 
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Key: 1 Number of days cultured 

2 Presence or absence of [re] circulation of cultivation 
solution 

3 Cultivation solution exchange rate 

4 Cell density 

5 Glucose concentration in cultivation solution 

6 Glucose consumption rate 

7 Lactic acid concentration in cultivation solution 


8 Lactic acid production rate 

9 Lactic acid production/glucose consumption 

10 IgG concentration 

11 None 

12 Present 


Comparative Example 1 


The results of cultivation in the same manner as in 
Application Example 1 aside from making the glucose concentration 
in the culture system 10-15 mmol/L from the 5th day after 
starting cultivation are shown in Table III. 


Table III 
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Key: 1 Number of days cultured 

2 Cell density 

3 Glucose concentration in cultivation solution 

4 Glucose consumption rate 

5 Lactic acid concentration in cultivation solution 

6 Lactic acid production rate 

7 Lactic acid production/glucose consumption 

8 IgG concentration 


Comparative Example 2 

The results of culturing in the same manner as in 
Application Example 1 aside from making the number of cells 
inoculated 1 x 10 [illegible] , making the glucose concentration 
in the culture system 1-3 mmol/L from the beginning of culturing 
and perfusion at a medium introduction rate of 240 mL/day from 
immediately after starting culturing are shown in Table IV. 


Table IV 
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Key: 1 
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Number of days cultured 
Viable cell density 

Glucose concentration in the cultivation solution 
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Effects of the invention 

Consequently, with the method of this invention, reduction 
of the cost of medium for high density cultivation of animal 
cells becomes possible, separation and purification of the target 
substance obtained becomes easier, and conducting cultivation 
more efficiently becomes possible. 

Brief explanation of the figures 

Figures 1 and 2 are each rough sketches showing the 
processes which apply in the cultivation method of this 
invention. 
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Figure 1 
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Figure 2 
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